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INTRODUCTION

Thegod of thejavelinthrow isto maximizethedistancethrown without
fouling. Thefinal step of the throw's approach and its rel ease conditions
havebeen studiedin great detail. M ost authorsagreethat therel ease vel ocity
o thejavelinisthesinglemost important factor in determining thedistance
thrown.

The purposedf this project was to take existing videographic records
of elite malejavelinthrowersand anayze therecordsto find relationships
between segments of the throw and the distance thrown. The project
examined throwers both individually and as a group to see whether one
common throwing styleis present in all throwers, if there aretwo or three
common throwing styles present, or if each thrower has a style unique to
that individual. Throwsweredividedintotimesegmentsand combinations
of thetimesegments, which wereanayzedfor rel ationshipswith thedistance
thrown and each other. Information gathered from this study should allow
coachesand throwersto devoteagreater proportionof trainingto theaspects
of thethrow that have the most bearing on the distance thrown.

BACKGROUND

A javelin thrower's running velocity is determined by the thrower's
approach. Thereleasevelocity isagreed upon as the most important factor
in determininghow far ajavelinisthrown. Thethrower triesto maximize
the release velocity by efficiently transferring the horizontal linear
momentum generated in his running approach to angular momentum of the
legs, hip, trunk, shoulder, elbow, and wrist at the end of the approach, and
then to the momentum of the released javelin through the hand (Terauds,
1985).

The javelin throw is commonly divided into four phases. approach,
trangition, pull and release, and follow through. The approach consistsof
thefirst eight to twelve steps run with the javelin held in afixed position
relative to the rest of the body to develop speed and momentum. The
transitionisaseriesof crossover or shufflestepstaking placeasthethrowing
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ar mis extended behind the: trunk to prepare for the ar maction that will
accel erate the javelin with respect to the body immediately beforerel ease.
This phaseculminates with thefinal throwing sidefoot touchdown prior to
release. Pull and rel easeconsistsof thethrowingar mreachingfull extension,
the brace foot being planted, and the ar m moving forward until release.
This phase serves to provide maximal velocity to the javelin, though
direction and orientation arealsocritical. Thefollow through is needed to
deceleratethebody beforeit crossesthefoul line, and to reducethechance
of injury.

Ikegami etal. (1981), Miller and Munro (1983), Komi and Mero(1985),
Rich et a. (1985), Whiting, Gregor, and Halushka(1991), and Meroet al.
(1994) have performed biomechanical analyses of the javelin throw. The
general consensus was that release vel ocity was the single most important
factor in determining the distance thrown. Most of these studies did not
examine the temporal relationships between events in the javelin throw,
although Ikegami et al. (1981), Miller and Munro (1983), Komi and Mero
(1985), Whiting, Gregor, and Halushka(1991), and Mero et al. (1994) did
measurethetimeinterval from doublefoot (bracefoot) plant until release.

METHODS

Videographic records of elite male throwers at various international
eventsover the1992-1993 seasons, aswell asthe 1992 Olympicsand 1993
and 1995 World Championships, were examined. Top U.S. maethrowers
from the 1988 and 1992 U.S. Olympic Trials, and the 1993 and 1994
Olympic Festivals, were also analyzed. Eleven performers, each with three
or more useable throws, were analyzed as part of the group. The eleven
performerswere subdivided into two categories. those with more than ten
useable throws (major throwers), and those with fewer than ten useable
throws (minor throwers). Themajor throwers wereanalyzed individualy,
then weregrouped with the other major throwers(major group), andfinally
aspart of al eleven grouped together, whilethe minor throwers were only
included in the overall group analysis. A total of ninety-five throws were
analyzed, with seventy-threeof thosecomingfrom thefive mgor throwers.

The analysis consisted of temporally digitizing the raw videographic
recordsusing frameadvance. Thedistancesthrown (DIST) were recorded
in metersand thetimes wererecorded in seconds. Touchdown wasdefined
asthefirst framein which contact with the ground could be seen. Release
was defined as thefirst framein which the javelin had separated from the
hand.



Each thrower's running phase wasdivided into five time segments. The
first segment was the approach time segment (APP). Theduration of APP
is greatly influenced by the distance covered, which will vary, but is
relatively constant for each thrower. Its beginning was defined as first
forward motion, and its ending was defined as the first touchdown of the
throwing side foot after withdrawal of the javelin begins. Withdrawal is
theextension of thethrowingarm behind thebody intothethrowing position.

The second segment was the withdrawal time segment (WDL) itself,
which lasted from the end of APP to the first touchdown of the opposite
(non-throwing) foot after withdrawal ended with the throwing arm
completely extended. Followingthiswasthe penultimatestep timesegment
(PNU), which began with the end of WDL and ended with the next
touchdown of the throwing side foot. The penultimate (next-to-last) step
time segment was where the so-called " crossover step™ occurred. The
preparatory step time segment (PRP) began at the end of PNU and ended
with the touchdown of the brace (opposite or non-throwing) foot. This
ending point has al so been called doublefoot plant or double support. This
was followed by thefinal time segment, the release time segment (REL),
beginning with end of PRP and ending when the javelin was released.

Three additional time durations were defined as combinations of the
above time segments. Two of these divide the analyzed portion of the
javeinthrow into two halves. Thedividing point was chosen because that
point, the touchdown of the lead (non-throwing) foot at the end of
withdrawal, separatesthethrower's normal running rhythm, wherethe steps
aredf relatively equal length, from stepsof unequal lengths(Terauds, 1985):
Thefirst of these, the beforelead foot touchdowntime combination (BLF),
was defined as the sum of APPand WDL. The second time combination,
after lead foot touchdown time combination (ALF), wasequal to the sum
of PNU, PRP, and REL. Thethird wasthe total time combination (TOT),
the sum of al five time segments.

Once the videographic records were digitized, they were entered into
several Microsoft Excel spreadsheets. Statistical analysis was performed
oneach major thrower and each group. Correlationand regressionanalyses
for the eight variables (five segments and three combinations) versus
distance were performed within Microsoft Excel.

RESULTS
CORRELATION ANALYSIS
Correlation analysis was performed on the digitized data from each of
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theindividual five mgjor throwersand each of the groupsto determine the
presence of any relationshipsthat would be useful in identifying stylistic
patterns associated with success. Furthermore, correlation analysis was
performed on thedataaveraged for each of theeleven individua throwers,
as well asthedata averaged for thefive magor throwers.

Tablel. Summary of Significant Relationships(p<0.05)
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Note: (+): significant positivecortelation; (-): significantnegativecorrdation;
AG: all throwersgrouped together; MG: major throwersgrouped together; AA:
averagesof each of thethrowers MA: averagesof each of themgjor throwers.

Four significant relationships (APP/BLF, APPITOT, PNU/ALF, BLFI
TOT) were present in all of the individual throwers analysis, the entire
group and maor group analysis, and the averaged entire group. These
findings were expected because all involve time segments, i.e., APP, that
make up amgority of atimecombination, i.e., TOT.

REGRESSIONANALYSS

Regression analysiswas performed on the data from each of thefive
individua throwers and group of al throwersto try to find a predictive
equation for distancethrown using thefivetime segments. However, this
analysisdid not produce any meaningful resultsfor any of the individual
throwers, mogt likely due to the small size of the data sets.

Based on theresultsof amultipleregressionanaysis,amanua backward
step regression analysis was performed, whereby the least important
independent variableisremoved as a variableand the regression analysis
isthen run on theremaining variables. A predictiveequation that accounted
for 59.8% of the variation in the distance thrown was devel oped from the
backward step regression. The predictiveequationiis:

DIST = 105.757 - 241.865(REL) + 1.349(APP) - 4.129(WDL).
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DISCUSSION
DISTANCETHROWN

Previousbiomechanical studiesof javelin throwing focused on the pull
and release phase, defined here as PRPand REL. Thetimesfound in these
studieswere similar to thosefound here. The average PRPand REL times
for al the analyzed throws in this study were 0.215 s and 0.121 s,
respectively. Whiting, Gregor, & Halushka (1991) and Mero et a. (1994)
found valuesof 0.224 sand 0.221 s, respectively,for PRP. The REL times
found previously are0.13 s (Ikegami et a., 1981}, 0.12 s (Komi & Mero,
1985), 0.14 s (Rich et d., 1985), 0.115 s (Whiting, Gregor, & Haushka,
1991) and 0.135 s (Meroet a., 1994). The assumption made by focusing
on thepull and releasephaseisthat therelease velocity isgeneratedin this
phase. All the attention on the pull and release phase at first appearsto be
supported by the findingsfor the groups here that DIST/PRP and DIST/
REL haveanegativecorrelation. Thismeansthat faster PRPand REL times
are correlated with longer throws. In addition, for both groups there were
positive correlationsfor REL/PRP and REL/PNU, while the mgjor group
also had a positive correlation for WDL/REL. These results suggest the
speed generated in earlier sesgments of the running phase may be carried
over to the REL segment, which results in alonger throw the shorter the
REL time.

Only oneindividual thrower showed any correlation with DIST: Thrower
TP had thesamenegativecorrdation asthegroupsfor DIST/REL. Hedid not,
however, show the same apparent carry over of speed intoREL asthegroups.

INDIVIDUAL STYLESOR UNIVERSAL TECHNIQUE

Comparisons between the results of the correlation analysis for the
grouped throwers and the individuals averages were madeto determine
whether auniversal pattern predictsthedistancethrown independent of the
thrower or whether each thrower hasdevelopedtheir own style. Sincedata
from the average groups were essentialy similar to their respective group
data, the throws appeared to sort themselves by individual style.

Thrower MB appeared tocarry over much of hisspeed between segments.
There were positivecorrel ationspresent for APP/PNU, WDL/PNU, WDL/
REL, and PNU/REL, indicating that throws with one fast time segment
tended to havefast valuesfor all segments. In addition, there were two
positive correlations between segments and time combinations not
composed of those segments. These two relationships were WDWALF,
and PNU/BLF. Thisreinforcestheideathat this thrower maintains speed
throughout the throw.




PREDICTIVEEQUATION
The predictive equation determined from the regression analysis can
only be used with anumber of different throwersat atime, becauseit will
only be accuratefor agroup of throwers, Thisequation cannot accurately
beused to predict throwsfor anindividua thrower. Individual predictive
equationscould bedeterminedin asimilarfashionif thenumber of analyzed
throws is large enough to yield significant results from the regression
analysis. The predictive equation showed that REL is the most important
time segment that can be used to predict the distance thrown. This was
expected, sincethisfinal time segment hasthe greatest effect on therelease
conditions, which, along with wind vel ocity and gravity, determinetheflight
characteristicsof thejavelin. Coupled with thenegativecorrel ationsbetween
REL and DIST found for both groups, this presented strong quantitative
evidenceof an important inverserelationship between REL and the DIST.
APPranked second to REL in the predictiveequation. Thisresult must
be viewed with caution, as this time segment depends on thedistanceran,
which varies. Sinceno significant relationshipfor APP/DIST wasfoundin
the correlation analysis, APP may only be helpful in predicting distance
thrown when used in conjunction with REL and WDL. Ranking thirdin
the predictive equation, WDL also appears to be complementary to REL
and APP in predicting distance thrown. However, since corroborating
evidence from the correlation analysisis inconclusive, WDL alone could
not be used to predict DIST.

CONCLUSIONS

Theresults of this study show that a shorter release time segment was
the most important factor in producing a greater distance thrown. They
al so suggest that speed generated early in therunning phase may becarried
over or maintained in later segments. Thus, a major suggestion for
improving javelin throwing performancewould beto increasethe running
speed and the extent to which this speed is maintained during the throw.
For thissort of analysis, aminimum of fifteen throws would be necessary
to perform an accuratecorrelation analysisfor individual .

Different individual styles also appeared to be present, rather than two
or three universal styles. In addition, to determineasignificant predictive
equation for an individual's distance thrown, a larger number of throws
needsto beexamined. Based upon a previous analysisnot incorporated in
this study, a minimum of forty throws from an individual thrower is
suggested for regression analysis.
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Once correlation and regression analyses have been performed on an
individual thrower's initial set of videographically recorded throws, the
results should be examined to find the most important time segmentsfor
the thrower. The thrower can target specific time segments, and adjust
training to modify them as indicated by the analyses. Over a period of
time, records should be maintained, with new analyses performed
periodically to compensatefor progressof thethrower. If indicated, further
adjustmentscan be made.

REFERENCES

Ikegami, Y., Miura, M. , Matsui, H., & Hashimoto, I. (1981).
Biomechanical analysisof thejavelin throw. BiomechanicsVII-B, pp. 271-
276.

Komi, PV. & Mero, A. (1985). Biomechanical analysis of Olympic
javelin throwers. International Journal of Sports Biomechanics, 1, pp. 139-
150.

Mero, A., Komi, PV.,, Korjus, T., Navarro, E., & Gregor, R.J. (1994).
Body segment contribution to javelin throwing during final thrust phases.
Journal of Applied Biomechanics, 10, pp. 166-177.

Miller,D.I. & Munro,C.F. (1983). Javelin positionand vel ocity patterns
during final foot plant preceding release. Journal of Human Movement, 9,
pp. 1-20.

Rich, R.G., Whiting, W.C., McCoy, RW., & Gregor, R.J. (1985).
Anaysisof release parametersin elite javelin throwers. Track Techniaue,
92, pp. 2932-2934.

Terauds, J. (1985). Biomechanics of the javelin throw. Del Mar, CA:
Academic Publishers.

Whiting, W.C., Gregor, R.J., & Halushka, M. (1991). Body segment
and release parameter contributions to new-rules javelin throwing.
I nternational Journal of Sports Biomechanics, 7, pp. 111-124.

347



